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Purpose: We investigated the impact on prostate-specific antigen (PSA) and prostate 
volume (PV) of statin medication for 1 year in patients with benign prostatic hyperplasia 
(BPH). 

Materials and Methods: We retrospectively investigated 791 patients in whom BPH 
was diagnosed. For analysis, the patients were divided into four groups according to 
their medications: group A, a-blocker; group B, a-blocker+statin; group C, a-block- 
er+dutasteride; group D, a-blockers+statin+dutasteride. To investigate changes in se- 
rum PSA, PV, and total cholesterol, we analyzed the data at the time of initial treatment 
and after 1 year of medication. 

Results: After 1 year, group A showed a 1.3% increase in PSA and a 1.0% increase in 
PV. Group B showed a 4.3% decrease in PSA and a 1.8% decrease in PV. The difference 
in PV reduction between groups A and B was statistically significant (p < 0.001). Group 
C showed a 49.1% reduction in PSA and a 22.9% reduction in PV. Group D showed a 
51.6% reduction in PSA and a 24.5% reduction in PV. The difference in PV reduction 
between groups C and D was not statistically significant (p=0.762). By use of a multi- 
variate logistic regression model, we found that the probability of PV reduction after 
1 year was more than 14.8 times in statin users than in statin nonusers (95% confidence 
interval, 5.8% to 37.6%; p < 0.001). 

Condusions: Statin administration reduced PSA and PV in BPH patients. This finding 
may imply the improvement of lower urinary tract symptoms and prevention of car- 
diovascular disease and chemoprevention of prostate cancer with statin treatment. 
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EVmODUCTlON 

Benign prostatic hyperplasia (BPH) is a progressive dis- 
ease that occurs with lower urinary tract symptoms 
(LUTS). Approximately 25% of all men experience BPH, 
and the prevalence of histopathologic BPH is age depend- 
ent, with initial development usually after 40 years of age. 
The prevalence of BPH is about 50% by 60 years of age and 
is as high as 90% by age 85 [1] . Symptomatic bladder outlet 
obstruction typically requires medication, such as with an 
a-blocker and 5-a reductase inhibitor (5ARI). 
The 5ARIs decrease prostate-specific antigen (PSA) and 



prostate volume (PV) through inhibition of the nu- 
clear-bound steroid 5-alpha reductase (5AR), which chemi- 
cally reduces testosterone to dihydrotestosterone (DHT), 
the principal androgen stimulating prostatic growth. 

Dutasteride is the first selective dual inhibitor of both 
type 1 and type 2 5AR, whereas finasteride is a selective 
mono-inhibitor of t3^e 2 5AR. Dual inhibition of 5ARIs with 
dutasteride results in near-complete and consistent sup- 
pression of serum DHT. The treatment reduces serum PSA 
levels by approximately 50% in 6 months and total pro- 
static volume by 25% in 2 years [2-4] . 

3-Hydroxy-3-methylglutaryl-coenz}rme A (HMG-CoA) 



Korean Journal of Urology 

© The Korean Urological Association, 2013 



750 



Korean J Urol 2013;54:750-755 



The Impact of Statin Medication 



751 



reductase plays the rate-limiting step in cholesterol bio- 
synthesis, and inhibition of this enzyme decreases choles- 
terol synthesis. By inhibiting cholesterol biosynthesis, sta- 
tins lead to increased hepatic low-density lipoprotein 
(LDL) receptor activity and accelerated clearance of circu- 
lating LDL, resulting in a dose-dependent reduction of 
LDL-cholesterol (LDL-C) in plasma. Statins also reduce 
plasma triglycerides. Statins also have a mild high-density 
lipoprotein-raising effect (5-10%). In this way, statins can 
reduce cardiovascular morbidity associated with dyslipi- 
demia and vascular disease [5-8] . 

Statins also reduce isoprenylation of the G-proteins Rho 
and Ras, which could lead to prostatic smooth muscle relax- 
ation [9] , increased apoptosis/r educed proliferation of pro- 
static epithelium and stroma [10] , reduced bladder and 
prostatic fibrosis through modulation of expression of con- 
nective tissue growth factor [11], and enhanced blood flow 
to the lower urinary tract. These actions could lead to bene- 
ficial effects on BPH. In addition, the growth-inhibitory ef- 
fect on prostatic epithelium may be related in the pre- 
vention or treatment of prostate cancer [12] . Reduction of 
serum cholesterol may also be related in the treatment of 
BPH, because a high-cholesterol diet leads to histologic 
changes in the rat prostate that are similar to those in pro- 
static hyperplasia [13] . 

In the present study, we investigated the changes in se- 
rum PSA, PV, and total cholesterol after 1 year in BPH pa- 
tients taking statins to determine whether statins really 
decrease PSA and PV. 

MATERIALS AND METHODS 

BPH patients who had a follow-up in Kangbuk Samsung 
IVIedical Center fi"om January 2008 to December 2011 were 
included, and the results after medication for 1 year were 
compared retrospectively. Patients with abnormal PSA 
levels in whom BPH was diagnosed by prostate biopsy were 
included. 

The exclusion criteria were a history of taking a 5ARI in 
another hospital before the start of the study, treatment 
for hyperlipidemia, persistent local lower urinary tract 
pathology (e.g., bladder stone, urethral stricture, prostati- 
tis, recurrent gross hematuria, transitional cell carcinoma, 
bladder-neck contracture, large bladder diverticulum), 
unexplained microscopic hematuria, neurogenic bladder, 
urinary tract infection, prostate cancer, cystoscopy or cath- 
eterization within 1 month before PSA evaluation, and pa- 
tients who underwent transurethral resection of the 
prostate. 

We investigated 791 patients who were diagnosed with 
BPH, and the patient population was divided into four 
groups according to medication: group A, a-blocker; group 
B, a-blocker+statin; group C, a-blocker+dutasteride; group 
D, a-blockers+statin+dutasteride. The type of a-blocker 
used was tamsulosin, 0.2 mg, terazosin, 2 mg, and alfuzo- 
sin, 10 mg, and the type of statin used was atorvastatin, 
10 mg, fluvastatin, 80 mg, and simvastatin, 20 mg. Statins 



were used in the case of hyperlipidemia (total serum choles- 
terol exceeding 240 mg/dL or triglyceride greater than 200 
mg/dL). Dutasteride was used for an enlarged prostatic vol- 
ume (more than 35 g), if the patient had experienced acute 
urinary retention, or if the patient showed no improvement 
of urinary symptoms with treatment with an a-blocker 
alone. 

PSA, PV, and total cholesterol were measured before 
medication in all patients receiving a combination of 
a-blocker, statin, and dutasteride. Prostate size was meas- 
ured with a biplanar transrectal ultrasonography (TRUS) 
probe and PV was calculated by using the formula for a 
prostate ellipse (widthxlengthxheightxO.52). Enzyme im- 
munoassay was used for the measurement of PSA (Cisbio 
Bioassays, Codolet, France). One year later, the results of 
PSA, PV, and total cholesterol were also investigated. 

Data were expressed as mean±standard deviation for 
continuous variables and as percentages of the number for 
categorical variables. According to the duration of treat- 
ment, the paired t-test was applied to PSA, PV, and total 
cholesterol changes in each group. Also, the differences in 
reduction of PSA, PV, and total cholesterol between each 
group were analyzed by use of the independent t- tests for 
continuous variables and Pearson chi-square tests for cate- 
gorical variables. Also, of the variables, PSA and PV were 
log-transformed and were analyzed by use of independent 
t-tests. 

Statistically significant differences between groups 
were compared with one-way analysis of variance (Table 
1). Multivariable analysis using logistic regression was 
performed with adjustment for the following variables: 
age, hypertension (HTN), diabetes mellitus (DM), coro- 
nary heart disease (CHD), total cholesterol, and body mass 
index (BMI). 

Statistical analysis was performed by using IBM SPSS 
ver. 21.0 (IBM Co., Armonk, NY, USA). Statistical sig- 
nificance was defined as a p-value of < 0.05. 

RESULTS 

Baseline characteristics and 1-year follow-up results in 
each group are shown in Table 1 and Fig. 1. 

After 1 year, PSA in group A was increased by 1.3% from 
2.36 to 2.39 ng/mL (paired t-test, p< 0.001), and PSA in 
group B was decreased by 4.3% from 2.33 to 2.23 ng/mL (p 
< 0.001). PSA in group C was decreased by 49.1% from 3.34 
to 1.87 ng/mL (p< 0.001), and PSA in group D was de- 
creased by 51.6% from 3.43 to 1.66 ng/mL (p < 0.001). In ad- 
dition, the difference in PSA reduction between groups A 
and B was significant by chi-square test (p < 0.001) and in- 
dependent t-test (p< 0.001). However, the difference in 
PSA reduction between groups C and D was not statisti- 
cally significant by chi-square test (p=0.682) or indepen- 
dent t-test (p=0.696). 

After 1 year, PV in group A was increased by 1.0% from 
35.28 to 35.63 cm^ (paired t-test, p=0.001). On the other 
hand, PV in group B was reduced by 1.8% from 35.25 to 
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Table 1. Baseline characteristics of the patients and results of the analysis of variance 



Variable 


a-blocker 


a-blocker, statin 


ot-blocker, 
dutasteride 


oc-blocker, statin, 
dutasteride 


p-value 


No. of patients 


281 


142 


248 


120 




Age (y) 


66.05±7.78^''' 


66.15±7.69' 


68.76±8.43'''' 


68.92±8.12'' 


< 0.001 


PSA (ng/mL) 
PV (cm^) 


2.36±1.46 


2.33±1.44 


3.34±2.27 


3.43±2.29 


0.056 


35.28±9.82'' 


35.24±10.13'' 


43.73±10.28''' 


42.53±10.24''" 


< 0.001 


Cholesterol (mg/dL) 


193.24±12.43 


229.86±12.52 


193.89±12.10 


229.55±12.31 


0.034 


Hjrpertension 


116 (41.3) 


61 (43.0) 


109 (44.0) 


54 (45.0) 


0.890 


Diabetes mellitus 


42 (14.9) 


24 (16.9) 


38(15.3) 


21 (17.5) 


0.900 


Coronary heart disease 


13 (4.6) 


9 (6.3) 


12 (4.8) 


8 (6.7) 


0.775 


BMI (kg/m^) 


24.49±2.19 


24.19±2.20 


24.50±2.18 


24.53±2.25 


0.474 



Values are presented as mean±standard deviation or number (%). A p-value is for one-way analysis of variance. 
PSA, prostate-specific antigen; PV, prostate volume; BMI, body mass index. 

^ "^rDifferent symbols for each variable indicate statistical significance (p< 0.05) based on Tukey multiple comparisons. 
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Fig. 1. Mean percentage change from baseline in PSA (A), PV 
(B), and total cholesterol (C) after treatment for 1 year. Error 
bars indicate standard deviation. PSA, prostate-specific anti- 
gen; PV, prostate volume. 



34.60 cm^ (p < 0.001). In addition, the difference in PV re- 
duction between groups A and B was significant by 
chi-square test (p< 0.001) and independent t-test (p 
< 0.001). Also, PV in group C was decreased by 22.9% from 
43.73 to 33.71 cm^ (p < 0.001), and PV in group D was de- 
creased by 24.5% from 43.53 to 32.85 cm^ (p < 0.001). The 



difference in PV reduction between groups C and D was not 
significant by chi-square test (p=0.762) or independent 
t-test (p=0.776). 

After 1 year, total cholesterol in group A was increased 
by 0.6% from 193.24 to 194.32 mg/dL (paired t-test, 
p=0.471), and total cholesterol in group B was decreased 
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by 25.6% from 229.86 to 171.15 mg/dL (p < 0.001). The dif- 
ference in total cholesterol reduction between groups A and 
B was significant by chi-square test (p< 0.001) and in- 
dependent t-test (p< 0.001). Total cholesterol in group C 
was increased by 0.1% from 193.89 to 194.14 mg/dL (paired 
t-test, p=0.354). Total cholesterol in group D was decreased 
by 25.8% from 229.55 to 170.43 mg/dL (p < 0.001). The dif- 
ference in total cholesterol reduction between group C and 
group D was significant by chi-square test (p < 0.001) and 
independent t-test (p < 0.001). The use of statins in groups 
B and D reduced the level of cholesterol after 1 year. 
However, the difference in total cholesterol reduction be- 
tween groups B and D was not significant by chi-square test 
(p=0.792) or independent t-test (p=0.784). 

Also, excluding dutasteride users, because dutasteride 
could affect the PSA and PV, we split the patients in two 
groups, statin users and nonusers, and analyzed the corre- 
lation between variables and statin (Table 2). We also in- 
vestigated the increase or decrease in PSA and PV within 
each group after 1 year (Table 3). 

Statin users had a 21.6-fold (95% confidence interval 
[CI], 12.8% to 36.3%; p < 0.001) higher probabihty of PSA 
reduction after 1 year than did nonusers, and the odds ratio 
adjusted for age, HTN, DM, CHD, total cholesterol, and 
BMI was 12.4 (95% CI, 5.1% to 33.2%; p < 0.001) (Table 4). 
Also, statin users had a 25.7-fold (95% CI, 15.0% to 43.9%; 
p < 0.001) higher probability of PV reduction after 1 year 
than did nonusers and the odds ratio adjusted for age, HTN, 



Table 2. Univariate analysis between statin users and nonu- 
sers excluding dutasteride users 



Variable 


Statin user 


Statin nonuser 


p-value 


No. of patients 


142 


281 




Mean age (y) 


66.15±7.69 


66.05±7.78 


0.683 


Hypertension 


61 (43.0) 


116 (41.3) 


0.741 


Diabetes mellitus 


24 (16.9) 


42 (14.9) 


0.601 


Coronary heart 


9 (6.3) 


13 (4.6) 


0.454 


disease 








Total cholesterol 


229.86±12.52 


193.24±12.43 


0.001 


(mg/dL) 








BMI (kg/m^) 


24.49±2.19 


24.19±2.20 


0.735 



Values are presented as mean±standard deviation or number 
(%). 

BMI, body mass index. 



DM, CHD, total cholesterol, and BMI was 14.8 (95% CI, 
5.8% to 37.6%; p< 0.001) (Table 5). 

We performed logistic regression analysis by regarding 
a reduction in PV of over 1% after 1 year as a valid result, 
in light of error in TRUS. As a result, the crude odds ratio 
was 25.7 and the adjusted odds ratio was 14.5. Moreover, 
we did logistic regression analysis by regarding a reduction 
in PV of over 2% after 1 year as a valid result. As a result, 
the crude odds ratio was 30.6 and the adjusted odds ratio 
was 10.6. Thus, statin users, despite physician error, really 
had a high probability of prostatic volume reduction. 

DISCUSSION 

Statins (HMG-CoA reductase inhibitors) reduce cholester- 
ol bios3Tithesis. By inhibiting cholesterol bios3Tithesis, sta- 
tins lead to increased hepatic LDL receptor activity and ac- 
celerated clearance of circulating LDL, resulting in a 
dose-dependent reduction of LDL-C in plasma. Except for 
rosuvastatin, differences in the effects of statins on LDL-C 
reduction have been reported among statins with similar 
baseline characteristics in most studies. 

Atorvastatin, 10 mg, fluvastatin, 80 mg, lovastatin, 40- 
80 mg, and simvastatin, 20 mg can reduce LDL-C by 30- 
40%; fluvastatin, 40 mg, lovastatin, 10-20 mg, and simvas- 
tatin, 10 mg can decrease LDL-C by 20-30% [14] . In the cur- 
rent study, atorvastatin, 10 mg, fluvastatin, 80 mg, and 
simvastatin, 20 mg were considered to have similar base- 
line characteristics. 



Table 4. Multivariate logistic regression to determine predic- 
tors of reduction of PSA in statin users compared with statin 
nonusers 



Variable 


OR (95% CI) 


p-value 


Age 


0.972 (0.939-1.005) 


0.095 


Hypertension 


1.484 (0.869-2.533) 


0.148 


Diabetes mellitus 


0.921 (0.522-2.408) 


0.570 


Coronary heart disease 


0.673 (0.210-2.154) 


0.505 


Total cholesterol 


1.013 (0.990-1.037) 


0.274 


Body mass index 


1.005 (0.993-1.021) 


0.132 


Statin nonuser 


1.000 (-) 




Statin user 


12.413 (5.143-33.236) 


< 0.001 



PSA, prostate-specific antigen; OR, odds ratio; CI, confidence 
interval. 



Table 3. Increase or decrease in PSA and PV within each group after 1 year 







PSA 






PV 




Statin nonuser 


Statin user 


p-value 


Statin nonuser 


Statin user 


p-value 


Increase 


238 (84.7) 


29 (20.4) 


< 0.001 


261 (92.9) 


36 (25.4) 


< 0.001 


Decrease 


43 (15.3) 


113 (79.6) 




20 (7.1) 


106 (74.6) 




Overall 


281 (100) 


142 (100) 




281 (100) 


142 (100) 





Values are presented as number (%). A p-value is for chi-square test. 
PSA, prostate-specific antigen; PV, prostate volume. 
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Table 5. Multivariate logistic regression to determine predic- 
tors of reduction in prostate volume in statin users compared 
with nonusers 



Variable 


OR (95% CI) 


p-value 


Age 


0.994 (0.977-1.014) 


0.141 


Hypertension 


1.266 (0.730-2.199) 


0.401 


Diabetes mellitus 


0.449 (0.195-0.932) 


0.039 


Coronary heart disease 


0.732 (0.341-2.451) 


0.347 


Total cholesterol 


1.016 (0.992-1.041) 


0.194 


Body mass index 


1.004 (0.994-1.018) 


0.092 


Statin nonuser 


l(-) 




Statin user 


14.761 (5.802-37.605) 


< 0.001 



OR, odds ratio; CI, confidence interval. 



In MuUer et al. [15]'s study, in BPH patients taking a sta- 
tin medication, the PSA level decreased by 4.1% within 1 
year and PV was reduced by 4% within 2 years. The PSA 
decline after statin initiation was positively associated 
with LDL-C decline in a near linear fashion. After adjust- 
ment for multiple factors, for every 10% decline in LDL-C 
after statin initiation, PSA dechned by 1.64% [16,17]. 

In the current study, PSA in group B taking a statin and 
an a-blocker medication was reduced by 4.3% and PV was 
reduced by 1.8% after 1 year. The result of the change in 
the PSA level in statin users was statistically valid com- 
pared with statin nonusers (+1.3% vs. -4.3%, respectively, 
p<0.001). 

We found that the PSA decline after taking statins was 
significantly associated with the decline in total chole- 
sterol. Prostate growth and cancer development have been 
related to abnormal cholesterol metabolism. For example, 
it has been noted that increased cholesterol content in pros- 
tate tissue is correlated with the presence of malignancy 
[18,19] . Furthermore, reducing cholesterol bioavailability 
has been found to alter the composition of membrane-sig- 
naling domains and to induce apoptosis in prostate cells. 
Replete cholesterol content reverses the apoptotic effects, 
suggesting that cholesterol reduction by statins may influ- 
ence prostate biology [20,21] . It is conceivable that by influ- 
encing cholesterol metabolism, statins may lower the lev- 
els of intraprostatic androgens, which could reduce PSA 
levels. 

In vitro, evidence suggests that statins influence pros- 
tate biology. Statins might play a role by inhibiting in- 
flammation [22], cell proliferation [23], migration/adhe- 
sion [24], and angiogenesis [25]; promoting apoptosis [10], 
and invasion [24]; and affecting intracellular survival sig- 
nals such as Rho and Ras [9] . 

A recent laboratory study by Parikh et al. [26] demon- 
strated that statins induced autophagy and cell death in 
prostate cancer cells, likely through inhibition of ger- 
anylgeranylation, which might explain the protective ef- 
fects of statins on prostate cancer progression. Also, statin 
medication was associated with a decreased risk of pros- 



tate cancer, less frequent high-grade prostate cancer, and 
a lower volume of prostate cancer, which su^ests that sta- 
tin medication has a protective effect against prostate can- 
cer [27]. 

Also, statin medication was associated with a decreased 
risk of developing moderate/severe LUTS and decreased 
risks of maximum flow rate and BPH [28] . Several studies 
have suggested that men with elevated LDL-C levels or 
other metabolic risk factors (such as HTN, diabetes, and 
obesity) had an increased odds of having BPH or LUTS. It 
was possible that these conditions could have confounded 
or modified associations between statin medication and 
the outcomes. In the current study, after adjustment for 
HTN, diabetes, CHD, total cholesterol, and BMI, the differ- 
ence in PV reduction between these comorbidities (such as 
HTN, DM, hyperlipidemia, CHD, obesity) and statin medi- 
cation was not statistically significant. 

In a study on PV changes using dutasteride, dutasteride 
resulted in PV reduction of 19.9% in 6 months, 23.6% in 1 
year, 26% in 2 years, and 27.3% in 4 years [29] . In the cur- 
rent study of dutasteride therapy for 1 year, PV was re- 
duced by 22.9%, which was similar to previous results. 
When a statin and dutasteride were administered during 
the first 1 year, PSA and PV were significantly decreased. 
Also, the PSA and PV reduction in groups C and D were 
greater thEin in groups A and B, which might have been due 
to the effect of dutasteride. However, the rates of reduction 
in PV were not significantly different between groups C and 
D. This suggests that a low DHT concentration could be a 
counter effect against statins. Thus, this might be the effect 
of dutasteride, which offsets statin function by decreasing 
the DHT level. 

The current study had several limitations. First, the ef- 
fects of a-blockers were considered to be the same. Second, 
this research was not subdivided into categories for statin, 
because the statin group was not subdivided. 

Despite these limitations, we believe that our inves- 
tigation showed an association among statin use, PSA lev- 
els, and PV. 

CONCLUSIONS 

Serum PSA, PV, and total cholesterol were decreased in 
BPH patients taking statin medication for 1 year compared 
with the group taking a-blocker alone. Also, the effect of 
5ARI on the reduction of PSA and PV was not affected by 
adding a statin. 

Statin administration reduced PSA and PV in BPH 
patients. This infers that statin medication could improve 
LUTS in addition to preventing cardiovascular disease, 
which might play a role in the chemoprevention of prostate 
cancer. 
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